IMPORTANCE New-onset postoperative atrial fibrillation (POAF) is a common complication of coronary artery bypass graft (CABG) surgery. However, the long-term risk of thromboembolism in patients who develop POAF after CABG surgery remains unknown. In addition, information on stroke prophylaxis in this setting is lacking.
N ew-onset postoperative atrial fibrillation (POAF) is a frequent complication of coronary artery bypass graft (CABG) surgery, with a reported incidence between 11% and 40%. [1] [2] [3] [4] Although new-onset POAF has traditionally been thought to be transient and benign, there is mounting evidence that these patients face a greater risk of perioperative complications, including stroke, prolonged hospital stay, inhospital mortality, and long-term mortality compared with patients who remain in sinus rhythm post-CABG surgery. [5] [6] [7] [8] [9] [10] [11] Further, it is well-known that nonvalvular atrial fibrillation (NVAF) is associated with an increased risk of stroke and systemic embolism, 12, 13 and that oral anticoagulation (OAC) therapy, whether with vitamin K or non-vitamin K antagonist OACs, considerably reduces this risk. 14, 15 However, data on stroke prophylaxis in new-onset POAF after CABG are lacking, and international guidelines on the management of patients with atrial fibrillation (AF) do not provide clear recommendations on this issue. 16, 17 More importantly, longitudinal data on the long-term risk of thromboembolic events in these patients are sparse and conflicting. [18] [19] [20] [21] [22] To address these gaps in knowledge, we conducted a retrospective cohort study in Denmark to examine stroke prophylaxis and the long-term risk of thromboembolism in patients with new-onset POAF after first-time isolated CABG surgery compared with a matched cohort of patients with NVAF.
Methods

Data Sources
All residents in Denmark are assigned a unique and permanent civil registration number that allows accurate linkage of nationwide administrative and clinical registries at an individual level over time. We used data from a prospectively collected cardiac surgery database composed of detailed clinical and procedural information on all patients undergoing cardiac surgery at the Copenhagen University Hospital, Rigshospitalet, from January 1, 2000 , to June 30, 2015 . These data were linked to several nationwide administrative registries. The Danish National Patient Registry contains information on all hospital admissions and outpatient contacts, coded according to the International Classification of Diseases, Eighth Revision ; the Danish National Prescription Registry holds detailed information on dispensing date, strength, and quantity on all filled drug prescriptions in Denmark
24
; and the Danish Civil Registration System contains information on birth date, sex, and vital status (a dataset recording whether an individual is alive and residing in Denmark; has emigrated from Denmark; has unknown residential status, a condition termed disappeared; or has died, as well as dates on which such status began). 25 
Ethical Approval
The Danish Data Protection Agency approved this study. In Denmark, register-based studies in which individuals cannot be identified do not require ethical approval or informed consent procedures, and therefore none were done.
Study Population
We identified all Danish residents above 18 years of age undergoing first-time isolated CABG surgery (ie, no concomitant valve or other cardiac surgical procedure) at the Copenhagen University Hospital, Rigshospitalet, between January 1, 2000, and June 30, 2015 . Patients were referred from East Denmark, which has a population of 2.6 million people. Patients were included in the study if they met all of the inclusion criteria: (1) they had no history of AF (ie, those who did not have a primary or secondary hospital discharge diagnosis of AF at any time prior to hospitalization for CABG surgery) but developed POAF during hospitalization (defined as an AF rhythm requiring either medical therapy or cardioversion); (2) they had no prescription for OAC medications in the 6 months prior to the CABG surgery; (3) they had no history of deep venous thrombosis or pulmonary embolism, and (4) they remained alive at discharge. In addition, we identified a nationwide cohort of patients diagnosed as having nonsurgical NVAF during hospitalization or in an outpatient clinic who were not prescribed OAC medications for at least 6 months prior to diagnosis, had not undergone any cardiac surgery prior to diagnosis, and did not have a history of deep venous thrombosis or pulmonary embolism. Patients with POAF were matched by age (up to 1 year difference in age), sex, CHA 2 DS 2 -VAScscore, and year of index date to patients with NVAF ina1to4 ratio using risk-set matching. The index date was defined as the discharge date for patients with POAF or NVAF who were diagnosed with AF during hospitalization. For patients with NVAF who were diagnosed in an outpatient clinic, the index date was defined as the date of diagnosis.
Comorbidity and Pharmacotherapy at Baseline
Comorbidity was obtained using hospital discharge diagnoses any time prior to baseline, which was defined as the date of hospitalization for CABG in patients with POAF or the date of first diagnosis for AF in patients with NVAF (eTable 1 in the Supplement for ICD-8 and ICD-10 codes). Patients with diabetes and hypertension were identified using filled drug prescriptions, as has been done previously. 26, 27 Alcohol abuse was defined from associated prescription fulfillment and ICD-10 diagnosis codes. Pharmacotherapy at baseline was defined as filled prescriptions within 180 days prior to baseline (eTable 2intheSupplement presents a list of the relevant Anatomical Therapeutic Chemical Classification System codes). The estimated risk of stroke (CHADS 2 and CHA 2 DS 2 -VASc-scores) and bleeding (HAS-BLED score) was calculated as described previously.
28,29
Postdischarge Anticoagulation Therapy
Oral anticoagulation therapy (whether a vitamin K or a nonvitamin K antagonist) was assessed continuously for each individual during the follow-up period using filled prescriptions, taking administered dosages and packing size into account, as described previously. 30, 31 Exposure to OAC therapy was defined as the point at which patients had medication available, and discontinuation was defined as the point at which patients had had no more medication available for at least 30 days. Thus, patients were allowed to change exposure status during the follow-up period per their filled OAC prescriptions.
Outcomes
The primary outcome was thromboembolism (a composite of ischemic stroke, transient cerebral ischemia, and thrombosis or embolism in peripheral arteries). Secondary outcomes were all-cause mortality and recurrent AF hospitalization defined as a new hospital admission with AF as the primary diagnosis. (The diagnoses of AF and ischemic stroke in the Danish National Patient Registry have been validated with a positive predictive value of 92.6% and 97%, respectively. 32, 33 ) Patients were followed from the index date until occurrence of the outcome of interest, emigration out of Denmark, the passage of 10 years after index date, or the end of the study (December 31, 2015) , whichever came first.
Statistical Analysis
Descriptive data were reported as frequencies and percentages or median with interquartile range (IQR), as appropriate. Differences in baseline characteristics were tested by applying the χ 2 test for categorical variables and the MannWhitney test for continuous variables. Crude incidence rates were calculated as number of events per 1000 person-years. Survival curves according to groups were constructed by the Kaplan-Meier method, and differences between groups were assessed using the log-rank test. The cumulative incidence of thromboembolism and recurrent hospitalization for AF per group was estimated using the Aalen-Johansen estimator, while taking into account the competing risk of death. Differences between groups were assessed using Gray test. Cox proportional hazard regression models conditional on matching (ie, comparing cases with their matched controls) were used to estimate hazard ratios (HRs) with 95% CIs, adjusted for comorbidities (Table) , concomitant pharmacotherapy ( 
Results
A flowchart of the study population selection process is presented in Figure 1 . From January 1, 2000 , to June 30, 2015 patients with no history of AF underwent isolated CABG surgery; of these, 2324 patients (30.9%) developed POAF during hospitalization. After exclusion criteria were applied, 2108 patients with POAF were matched with 8432 patients with NVAF. Baseline characteristics per group are summarized in the Table. The median age of the study population was 69.2 years (IQR, 63.7-74.7 years) and 8674 (82.3%) were men. The mean (SD) CHA 2 DS 2 -VASc 34 score in the population was 3.1 (1.4) points on a scale of 0 to 9. The NVAF group was characterized by greater prevalence of cardiovascular and noncardiovascular comorbidities compared with the POAF group.
Postdischarge Anticoagulation Therapy
In Among patients with POAF who initiated OAC therapy within 30 days after the index date and were alive (n = 174), 172 (98.9%) were observed to be continuing this treatment at 1 month, 96 (55.8%) at 3 months, 66 (39.1%) at 6 months, and 39 (24.8%) at 1 year.
Thromboembolism
The median follow-up time from the index date until occurrence of a thromboembolic event, death, emigration, or end of the study period was 5.1 years (IQR, 2.2-9.2 years) for patients with POAF and 3.5 years (IQR, 1.4-7.1 years) for patients with NVAF. The crude incidence rates of thromboembolism were 18.3 (95% CI, 16.0-20.9) events per 1000 person-years for patients with POAF and 29.7 (95% CI, 28.0-31.5) events per 1000 person-years for patients with NVAF. The cumulative incidences of thromboembolism according to groups are illustrated in Figure 2A . In multivariable Cox proportional hazard analysis, POAF was associated with a significantly lower risk of thromboembolism compared with NVAF (adjusted HR, 0.67; 95% CI, 0.55-0.81; P < .001). No interaction between OAC treatment and groups was found during the follow-up period (P =.81 for interaction). The use of OAC therapy during the follow-up period was associated with a significantly lower risk of thromboembolic events in both patients with POAF (adjusted HR, 0.55; 95% CI, 0.32-0.95; P = .03) and NVAF (adjusted HR, 0.59; 95% CI, 0.51-0.68; P < .001) compared with patients who had no OAC therapy ( Figure 3 ).
All-Cause Mortality and Recurrent Hospitalization for Atrial Fibrillation
The crude incidence rates of all-cause mortality were 46.9 (95% CI, 43.2-50.9) events per 1000 person-years for patients with POAF and 88.0 (95% CI, 85.1-90.9) events per 1000 personyears for patients with NVAF. Figure 2B depicts Kaplan-Meier curves for death in patients with POAF and NVAF. In multivariable Cox proportional hazard analysis, POAF was associated with a significantly lower risk of all-cause mortality compared with NVAF (adjusted HR, 0.55; 95% CI, 0.49-0.61; P < .001). The use of OAC therapy during the follow-up period was associated with a significantly lower risk of all-cause mortality in patients with NVAF (adjusted HR, 0.51; 95% CI, 0.47-0.55; P < .001) but not in patients with POAF (adjusted HR, 1.09; 95% CI, 0.82-1.43; P = .56) compared with patients who had no OAC therapy ( Figure 3) . The crude incidence rates of recurrent hospitalization for AF were 19.9 (95% CI, 17.5-22.7) events per 1000 personyears for patients with POAF and 96.3 (95% CI, 92.7-100.0) events per 1000 person-years for patients with NVAF. The cumulative incidences of recurrent hospitalization for AF in patients with POAF and NVAF are illustrated in Figure 2C . In multivariable Cox proportional hazard analysis, POAF was associated with a significantly lower risk of recurrent hospitalization for AF than NVAF (adjusted HR, 0.29; 95% CI, 0.25-0.34; P < .001).
Sensitivity Analysis
To test the robustness of our findings, we compared the risk of hospitalization for orthopedic fractures in patients with POAF and NVAF. This falsification end point analysis was performed to evaluate the presence of potential unmeasured confounding in the adjusted analyses. The risk of orthopedic fractures was similar among groups (adjusted HR, 0.83; 95% CI, 0.63-1.08; P = .16). Further, we excluded patients with a history of thromboembolism (after matching, 7372 patients with NVAF and 1843 patients with POAF were included in this analy- sis), and we found a similar association as the main analysis for the primary outcome of thromboembolism (adjusted HR, 0.71; 95% CI, 0.57-0.89; P = .003). We also excluded patients with NVAF who had been diagnosed in an outpatient clinic; after matching, 8268 patients with NVAF and 2067 patients with POAF were included in this analysis. Restricting the analysis to patients diagnosed as having NVAF during hospitalization yielded similar results as the main analysis for the primary outcome of thromboembolism (adjusted HR, 0.62; 95% CI, 0.51-0.76; P < .001). In addition, we restricted the primary outcome of thromboembolism to ischemic stroke and found a similar association as the main analysis (adjusted HR, 0.73; 95% CI, 0.58-0.90; P = .004). Further, we matched patients with POAF by the components of the CHA 2 DS 2 -VAScscore (ie, heart failure, hypertension, age, diabetes, a history of thromboembolism, vascular disease, and sex) and year of diagnosis to patients with NVAF in a 1:2 ratio (n = 1904 and n = 3808, respectively). Baseline characteristics per groups and outcomes are displayed in eTable 4 and eFigure 2 in the Supplement, respectively. This analysis yielded similar results as the main analysis in terms of outcomes (ie, thromboembolism, allcause mortality, and recurrent hospitalization for AF). Finally, we compared the risk of outcomes in patients developing and not developing POAF after isolated CABG surgery (n = 2157 and n = 4964, respectively). Baseline characteristics per groups are displayed in eTable 5 in the Supplement. Patients with POAF after CABG surgery had a similar associated risk of thromboembolism (adjusted HR, 1.11; 95% CI, 0.94-1.32; P = .24) but a higher associated risk of all-cause mortality (adjusted HR, 1.32; 95% CI 1.18-1.47; P < .001) and rehospitalization for AF (adjusted HR, 2.27; 95% CI, 1.84-2.80; P < .001) compared with those who did not develop POAF after CABG surgery.
Discussion
This study examined the long-term risk of thromboembolism in patients with new-onset POAF after first-time isolated CABG surgery compared with a matched cohort of patients with NVAF and yielded several major findings. First, among patients with no history of AF who underwent CABG surgery, 30.9% developed POAF during hospitalization, of whom fewer than 1 in 10 (8.4%) received OAC therapy within 30 days after discharge. Second, POAF was associated with a significantly lower risk of thromboembolism compared with NVAF. Third, POAF was associated with a significantly lower risk of all-cause mortality and recurrent AF hospitalization than NVAF.
Although the association between new-onset POAF after cardiac surgery and short-term risk of stroke is well-established, [6] [7] [8] few studies have evaluated the longterm risk of thromboembolic events in this setting. In a study using administrative data, Gialdini et al 18 found that AF in conjunction with cardiac surgery was associated with an increased long-term risk of ischemic stroke. However, this study, as well as other studies 18, 19, 21, 22 examining the association between POAF and long-term stroke risk, did not account for postdischarge anticoagulation therapy because of the lack of data on medication use. To our knowledge, our study is the first to evaluate the long-term risk of thromboembolism in POAF compared with NVAF with data on postdischarge anticoagulation therapy. We found that new-onset POAF after CABG surgery was associated with a lower long-term risk of thromboembolic events compared with that of primary NVAF, despite a similar predicted risk of thromboembolism. The association remained true after adjusting for comorbidities, concomitant pharmacotherapy, and postdischarge anticoagulation medication. Thus, our data do not support the notion that newonset POAF should be regarded as similar to primary NVAF in terms of long-term thromboembolic risk.
The lack of evidence for OAC therapy in patients who develop POAF after cardiac surgery is reflected in the most recent guidelines for the management of patients with AF. The 2014 American Heart Association/American College of Cardiology/Heart Rhythm Society guidelines state that "it is reasonable to administer antithrombotic medication in patients who develop postoperative AF, as advised for nonsurgical patients," 16(p2089) ) in this setting, it is important to keep in mind that this recommendation is based on low-quality evidence and also that these risk stratification scores have not been validated in surgical patients. In our study, only 175 patients (8.4%) developing POAF were prescribed an anticoagulant within 30 days after discharge for CABG surgery, despite a high predicted stroke risk and a moderate predicted bleeding risk. Other studies evaluating OAC use in this setting have reported similar low rates of warfarin use at discharge (14%-24%). 7, 9, 20, 35 In this study, we found that OAC therapy was associated with a similar lower risk of thromboembolic events in the group with POAF and the group with NVAF, suggesting a similar effectiveness of anticoagulation for the prevention of stroke. Given that POAF is 1 of the most common complications of cardiac surgery, more studies specifically addressing the role of OAC therapy in patients with POAF are warranted to examine the efficacy, safety, timing, and duration of OAC therapy in this setting, preferably in a randomized clinical trial. Although the primary outcome in this study was thromboembolism, mortality is of great importance. We found that POAF was associated with a lower risk of all-cause mortality than NVAF. This may be explained by a selection of patients chosen for CABG surgery and by the higher cardiovascular and noncardiovascular disease burden in the the NVAF cohort.
The impact of POAF on the development of late arrhythmia has been sparsely studied. In a retrospective study comprising 571 patients undergoing CABG surgery, Ahlsson et al 22 found that 25% of patients who developed POAF were diagnosed with paroxysmal or persistent AF after discharge during a 5-year follow-up period compared with 3% of patients without POAF. In another study 36 including 305 patients who had undergone CABG surgery, symptomatic episodes of AF requiring medical care were more common among patients developing POAF than those not developing POAF during a median follow-up of 2 years. Although these data suggest that POAF is associated with an increased risk of recurrent AF, to our knowledge, no study has investigated whether patients with new-onset POAF have a risk of recurrent AF similar to primary NVAF. We found that POAF after CABG surgery, compared with NVAF, was associated with a significantly lower risk of recurrent AF hospitalization for AF (as defined by a new hospital admission with AF as the primary diagnosis). This find- A, Cumulative incidence of thromboembolism, a composite of ischemic stroke, transient cerebral ischemia, and thrombosis or embolism in peripheral arteries (P < .001 by Grays test). B, Kaplan-Meier curves for all-cause mortality (P < .001 by log-rank test). C, Cumulative incidence of recurrent hospitalization for AF (P < .001 by the Gray test). AF indicates atrial fibrillation; CABG, coronary artery bypass graft; NVAF, nonvalvular atrial fibrillation; POAF, postoperative atrial fibrillation.
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Strengths
The main strength of this study is the completeness of data in a cohort of patients undergoing first-time isolated CABG surgery and a nationwide unselected cohort of patients with NVAF who were followed in a real-world setting. The Danish health care system, funded by taxes, provides free and equal access to health care for all residents regardless of socioeconomic or insurance status. In Denmark, all OAC therapies can be purchased only through prescription. Because of a system of partial reimbursement of drug expenses by the Danish health care system, pharmacies are required to register all fulfilled prescriptions, which ensures complete and accurate registration.
Limitations
The findings of this study should be viewed in the context of a number of limitations. The main limitations of this study are inherent to its observational design. Despite adjustment for potential confounders and a similar associated risk of the falsification end point among groups, the possibility of residual confounding in our analyses cannot be excluded. Further, no causal inference can be made from the analysis on the effectiveness of OAC therapy for the prevention of thromboembolism in the 2 cohorts, although these data suggest that OAC therapy is associated with a similar lower thromboembolic risk among groups. In this study, POAF was defined as a rhythm requiring either medical therapy or cardioversion, and thus short episodes of POAF might have been missed. Similarly, we were unable to determine the duration of POAF and did not have any information on discharge rhythm. In addition, data on important clinical parameters such as plasma creatinine levels, international normalized ratio of prothrombin time, body mass index (calculated as weight in kilograms divided by height in meters squared), and smoking habits, as well as electrocardiograms, were unavailable. Finally, we did not have data on the type of AF in patients with NVAF.
Conclusions
Developing new-onset POAF after CABG surgery was associated with a lower long-term thromboembolic risk compared with NVAF. Further, patients with POAF did not have significantly higher associated risk of thromboembolism compared with those who did not develop POAF after CABG surgery. These data do not support the notion that POAF should be regarded as equivalent to primary NVAF in terms of long-term thromboembolic risk. 
